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CM 
< 

in 

Q. 
UJ 

Jouve. 18. rue Saint-Denis, 75001 PARIS 



SUPV. 
IN 




58 



68 



60 



DMUX 



MUX 



CONTROLS 



m m 



TELEMETRY AND CONTROL 
CIRCUIT 



T 



62 



IN-SERVICE 
PARAMETER 
MONITOR 
UNIT 



ORDER WIRES 



66 



REPEATER ADDRESS REGISTER 



1 



EP 0 449 475 A2 



2 



T chnical Field 

This invention relates generally to optical 
amplifiere and. more particulariy to a erbium - or other 
rare earth element - doped fiber amplifier having on- 
line telemetry and in-service perfonmance and/or par- 
ameter monitoring. 

Background of the Invention 

Present day commercial lightwave systems use 
optical fibers to carry large amounts of multiplexed 
digital data over long distances from a transmit termi- 
nal to a receive tenninal. The maximum distance that 
the data can be transmitted in the fiber without ampli- 
fication or regeneration is limited by the loss and dis- 
persion associated with the optical fiber. In general, 
dispersion is reduced by using single mode fibers 
which have minimum dispersion at the operating 
wavelength and by using single frequency tow chirp 

transmitters. 

To transmit optical signals over long distances, 
the lightwave systems in use today include a number 
of regenerators or repeaters periodically located 
along the fiber route from the transmit tenninal to the 
receive tenninal. Each repeater boosts the weak 
received signal to compensate for the transmission 
losses which occun^d firom the last repeater. 

The repeaters cunrently used in long haul light- 
wave systems are not fully optical. They defect light 
photoelectrically, amplifying the resulting current 
electronically and then use the retimed (regenerated) 
cun-entto drive a semiconductor laser which converts 
the electrical signal baclc into an optical signal. The 
optical signal is then can-ied in the optical fiber to the 
next repeater in the system where the conversion 
from optical to electrical and back again to optical is 
repeated again. 

In an all-optical transmission system the optical 
signal, once generated, will be transmitted optically, 
amplified optically and received for detection at the 
destination. There will be no intenmediate conversion 
of the signal.being transmitted from optical-to-electri- 
cal and then back to optical. The use of an optical 
amplifier to provide direct optical amplification of an 
optical signal will result in the elimination of the elec- 
tronic processing procedure and will enable optical 
communication systems to have repeaters which 
have higher bandwidths, are physically smaller, sim- 
pler in design, more efficient to operate and more 
economical to produce. 

One area which can present a problem is that of 
monitoring the in-service performance and the operat- 
ing parameters of the optical fiber amplifier when used 
as a repeater. This is necessary because, as an 
example, th gain of optical amplifiers can be affected 
by both environmental effects (l.e. variations of 
ambienttemperature) and changes in system variable 



(i.e.. changes in source wavelength and the polari- 
zation of the input signal). Another area of concern 
when using an optical fiber amplifier as a repeater in 
an optical communication system is that of being able 

5 to send telemetry command signals to the repeater 
and having the repeater detect the telemetry com- 
mand signals. Still another area of concern is th need 
to pemiit maintenance personnel located at one opti- 
cal fiber amplifier repeater to cothmunicate with other 

10 maintenance personnel located at another optical 
fiber amplifier repeater. 

Thus, in long haul optical fiber transmission sys- 
tems which include optical fiber amplifier repeaters, a 
need exists for on-line telemetry to permit the moni- 

15 toring of system health infonnation, supervisory sig- 
nals, remote control commands and fault locate data 
between the temiinals and the repeaters. In achieving 
this, it is imperative that the telemetry channel does 
not interfere with the traffic on the system. 

20 

Summary of the Invention 

In this invention telemetry infonnation is transmit- 
ted in an optical fiber communication system by pro- 

25 viding an amplifier pump with excess power beyond 
that necessary to pump the amplifier. The excess 
power is not used to pump the amplifier but is rather 
used to transmit the telemetry information. In a speci- 
fic embodiment, an optical communication system 

30 including a doped optical fiber amplifier such as. for 
example, an erbium doped amplifier, is provided with 
an amplifier pump which operates at approximately 
1.48jim. The amplifier pump is provided with excess 
power so as to transmit telemetry information. In a 

35 specific embodiment, the telemetry signal can be 
detected with a low cost photodetector at a subse- 
quent station. 



40 



Brief Description of the Drawing 



A more complete understanding of the invention 
may be obtained by reading the following description 
of a specific illustrative embodiment of the invention 
in conjunction witii the appended drawings in which: 
45 FIG. 1 is a block diagram of a typical prior art 

regenerative repeater; 

FIG. 2 is a block diagram of the repeater of FIG. 
1 including circuitry for on-line telemetry access; 
FIG. 3 is a block diagram of a lightwave communi- 

50 cation system having optical amplifiers as repea- 

ters; ^. , 

FIG. 4 is a diagram of a doped fiber optical 
amplifier repeater with a co-propagating tele- 
metry system in accordance with the principles of 

55 the invention; . 

FIG. 5 is a diagram of a doped fiber optical 
amplifier repeater with a counter propagating 
telemetry system in accordance with the pnn- 
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ciples of the invention; and 
FIG. 6 is a diagram of a doped fiber optical 
amplifier repeater having a dual pump system 
and a telemetry system in accordance with the 
principles of the invention. 

Detailed Description 

Referring to FIG. 1, there is illustrated a typical 
prior art regenerative repeater for use with an optical 
fiber system. The repeater can comprise an optical-to- 
electrical converter or receiver 10 coupled to receive 
optical signals from an optical fiber 12 and convert 
said signals into electrical fonn. The electrical signals 
from the optical receiver are transmitted to a clock 
recovery and waveshaping circuit 14 which electri- 
cally regenerates the received signal. A performance 
monitoring network 16 is coupled to monitor the per- 
formance of the repeater. The regenerated signal 
from the circuit 14 is directed to an electrical-to-optical 
transmitter (typically a laser diode) 18 where it is con- 
verted back to optical form and launched onto optical 
fiber to either a next occurring repeater or a receive 
terminal. Briefly, the repeater rebuilds the receive sig- 
nal to permit continued transmission of the optical sig- 
nal along the optical path. 

The repeater of FIG. 1 becomes more elaborate 
when telemetry capability is added. Referring to FIG. 
2, there is illustrated a block diagram of the structure 
of FIG. 1 including telemetry circuitry. Components of 
FIGS. 1 and 2 which are similar have similar reference 
numerals. The structure of FIG. 2 includes, in addition 
to the structure of FIG. 1, a circuit 20 for demultiplex- 
ing the signals received to permit one of the transmit- 
ted channels 22 to be used for telemetry information. 
Local supervisory information and control commands 
are received and/or transmitted via this channel which 
is then combined with all of the other channels by mul- 
tiplexer 24. The electrical output signal of the multip- 
lexer 24 is converted by the electrical-to-optical 
transmitter 18 for continued transmission via the opti- 
cal fiber to the next occumng regenerator. 

Since there are usually several fiber lines in each 
route, there are several repeaters in each repeater 
station - one for each line. It Is to be noted that the 
telemetry information being transmitted is on only one 
of the repeater lines and all of the other lines can be 
reserved exclusively for data. Obviously, the restric- 
tion of telemetry infonmation to only one lines helps in 
keeping the costs of the regenerators to a minimum. 
By limiting the telemetry infonmation to a single line, 
only one of the many lines being transmitted must be 
equipped with telemetry access and each of the other 
lines can be regenerated with th more economical 
structure of FIG. 1 which does not require a demultip- 
lexer-multiplexer section. 

Telemetry infonnation is usually required 
because most repeater stations are located in remote 



areas and are unmaned. For system maintenance 
purposes it is necessary to have telemetry access to 
ail repeater locations to provide: 

1) Access to the perfonmance monitoring par- 
5 ameters of the repeater; 

2) Send and receive remote control signals to and 
from the various regenerators; 

3) Send and receive fault locate parameters to 
help isolate the location of a fault which develops 

10 In the system to a specific maintenance section, 

i.e.. that portion of the system which lies between 
two consecutive repeaters; 

4) Order wires or Order channels (voice or data 
communication channels) for craft personnel dis- 

15 patched to remotely positioned repeaters to com- 

municate with each other while trouble shooting 
or servicing the system. 

As noted above, long haul optical communication 
system are still using repeaters of the type illustrated 

20 in FIGS. 1 and 2 and, therefore, the systems are not 
fully optical from end to end. Typically, the optical sig- 
nals must be transformed into electrical signals for 
amplification, and the like, and then transfonmed back 
to an optical signal for further transmission. The use 

25 of Optical amplifiers in optical communication systems 
permit direct amplification of optical signals without 
requiring the conversion of optical signals to electrical 
signals and then back again to optical form for further 
transmission. Thus, to improve long haul communi- 

30 cation systems, the currently used repeaters such as 
those illustrated in FIGS. 1 and 2 will be replaced with 
optical fiber amplifiers. 

Referring to FIG. 3, there is disclosed a lightwave 
communication system which utilizes optical fiber 

35 amplifiers as repeaters. The system includes a trans- 
mit terminal 30, a receive temiinal 32, and a plurality 
of optical fiber amplifiers 34, 36, 38, 40, 42 interposed 
between said transmit and receive terminals where 
said optical fiber amplifiers operate as repeaters. The 

40 circles shown in FIG. 3 represent optical transmission 
fibers. In this embodiment the signal being transmit- 
ted from the transmit terminal 30 to the receive termi- 
nal 32 is in optical form. There is no intermediate 
conversion to electrical form. 

45 The optical amplifier illustratively disclosed in 

FIG. 3 can be a rare earth doped optical amplifier 
where the doping material can be, for example, 
erbium Doped optical fiber amplifier has low noise 
properties, has a relatively broad gain which is not pol- 

50 arizatfon dependent, has negligible pulse distortion 
and has relatively low coupling losses to the transmis- 
sion fiber. In operation, a rare earth doped fiber optical 
amplifier which can have a length of. for example, 10 
to 50 meters is coupled end-to-end to an optical com- 

55 munication fiber and is normally traversely coupled, 
through a directional coupler to a laser diode pump so 
that a weak optical Input signal at some wavelength 
within the rare earth doped optical fiber amplifier 
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experiences a gain. The directional coupler is desig- 
ned to have a high coupling ratio at the pump 
wavelength and a low coupling ratio at the signal 
wavelength. The pump light may be made to propa- 
gate either co-directional!y or contra-directionally with 5 
respect to the signal, or it may be pumped simul- 
taneously from both ends. The rare earth doped fiber 
optical amplrfier can be coupled to the optical fiber 
transmission fiber via a core-to-core splice. 

Referring to FIG. 4, there is illustrated a doped io 
fiber optical amplifier having on - line telemetry and 
in - service performance and/or parameter monitoring 
in accordance with the principles of the invention. An 
optical fiber 40 for canying optical data is connected 
to an input port of a wavelength selective splitter or is 
fiber coupler 42 having one or two input ports and two 
output ports. One output port 43 of coupler 42 is coup- 
led through a filter and isolator 44 which is desirable 
but not required, to an input port 45 of a second coup- 
ler or wavelength selective combiner 46 having two 20 
input ports 45.47 and one or two output ports. Output 
port 49 of coupler 46 is coupled to an optical fiber 
amplifier 51 doped with a rare earth such as erbium, 
the second output port, if it exists, is not used except, 
possibly, for performance monitoring purposes. The 25 
other end of the optical fiber amplifier is coupled 
through ah isolator 50 arid an output port 52 to an opti- 
cal fiber transmission path. 

Returning to coupler 42, output port 41 is coupled 
through an optical-to-electrical converter 54 to a low- 30 
cost broadcast-type AM or FM receiver 66 which can 
simply comprise a Band Pass Fiber BPF centered at 
the chosen earner frequency f© and a detector. The 
output of the detector is coupled to a demultiplexer 58, 
which separates the various channels, and the output 3S 
signals of the demultiplexer are coupled to a telemetry 
and a control circuit 60. 

Also coupled to the telemetry and control circuit 
are local telephone lines 62, an In-service parameter 
monitor unit 64; a repeater address register 66; van- 40 
ous control signals and a multiplexer 68. The signals 
from multiplexer 68 are fed to an AM or FM modulator 
71 where the signals from the multiplexer 68 modulate 
a carrier signal at the designated frequency fo from a 
subcarrier oscillator 70 operating at fo. The modulated 45 
signal from modulator is directed through a dc block- 
ing capacitor 72 to the laser pump 74 of the erbium- 
doped optical amplifier 51. Thus, the signals from 
multiplexer 68 modulate the signal from the subcarrier 
which, in turn, modulates the signal from the pump 74. so 
A bias potential from a source of dc voltage 76 is coup- 
led through an ac blocking coil 78 to the laser pump 
74. Capacitor 72 prevents the dc bias pot ntial from 
reaching modulator 71 ; and coil 78 prevents the signal 
from the multiplexer and the subcarrier oscillator 70 ss 
from affecting the pump 74 bias potential. 

The in-service parameter monitor unit 64 is coup- 
led to receive signals representative of various 



operating parameters such as pump bias current, 
pump back-face monitor current, TEC current, 
embedded identification tones and the like. 

In operation, for an erbium-doped fiber amplifier 
(EDFA). a data signal having a center wavelength of. 
for example. 1.55iim Is carried by fiber 40 to coupler 
42 which passes the data signal to port 43 of coupler 
42. The data signal is then passed byfilter and isolator 
44 and the coupler 46 and is fed to the erbium doped 
optical fiber amplifier 51 . The energy from laser pump 
74, which has a wavelength of substantially, for 
example, 1.48tim, is coupled into the optical fiber 
amplifier via coupler 46. In addition to the dc signal 
supplied to the pump 74 from the source of dc bias 76, 
an ac telemetry signal is supplied to the pump from 
combiner 71 . It has been determined that an ac signal 
of a frequency between several KHz and 400 MH^ the 
intensity of the signal from the pump 74 without 
adversely effecting the operation of the laser pump 74 
or the operation and gain of the erbium doped fiber 
amplifier. If the modulating signal to the pump is less 
than 2KHz, the output of the pump is affected which, 
in tum. affects the output power of the optical 
amplifier. In this invention by modulating a 2KHz sig- 
nal with a telemetry signal, the amplitude of the data 
will vary with the telemetry signal. Thus, with modulat- 
ing signals of less than 2KHz, gain modulation of the 
data signal from the optical amplifier can be used to 
cany telemetry infomiation. In this invention, a su&- 
earner modulated signal which, in tum. modulates the 
signal of the laser pump, can be used to transmit tele- 
metry infonnation along an optical fiber. 

The energy from the laser pump is in excess of 
the power requirements of the erbium doped optical 
amplifier and, therefor, at the output port 52 of the 
erbium doped fiber optical amplifier, there are two 
optical signals. One signal is that of the 1.55^m data 
signal and the other is that of the 1 .48jim pump signal 
which carries the telemetry information. The pump 
signal with the telemetry information and the data sig- 
nal are carried by the optical fiber to the next occurring 
repeater where they are separated by a coupler, for 
example, coupler 42. Thus, by modulating the pump 
signal with on-line telemetry this information can be 
transmitted via the optical fiber to another repeater 
located either upstream or downstream. 

In FIG. 4, the modulated pump signal travels 
along the optical fiber to the next occurring repeater 
located at the right Thus, the telemetry and control 
circuit 60 collects all of the perfomiance or parameter 
monitoring infonnation in addition to other desired 
information such as order wires for telephone com- 
munication and the like and assembles this infor- 
mation into a bundle of data which is digitally 
multiplexed together in any desirable multiplexing 
manner and used to modulate the signal from the sub- 
carrier oscillator at modulator 71. The modulated sig- 
nal is fed. together with the dc bias signal from the 
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bias source 76 to the laser pump 74 of the erbium 
doped optical amplifier. The frequency of the subcar- 
rier can vary from 2 KH^ to 400 MH^. In one embodi- 
ment the frequency of the subcanrier was set at 20 
MHz and ^^^^ signal was modulated with 1.5 megabits 
of information. The modulation of the subcarrier is not 
limited to any particular fomnat and can be, for 
example, either Frequency Shift Keying, Amplitude 
Shift Keying. AM, FM or the like. 

As noted above, the modulated signal is fed to 
and causes the amplitude or power of the 1.48^im sig- 
nal from the laser pump 74 to fluctuate. The fluctuat- 
ing 1.48jim signal from the laser pump together with 
the amplified 1.55^m data signal from the erbium 
doped optical amplifier passes through the isolator 
50, travels along the optical fiber 40 and arrives at the 
next repeater. For purposes of explanation, it can be 
assumed that the next repeater is the left hand portion 
of FIG. 4. Thus, the 1.55jim data signal and the 
1.48}im telemetry signal are received from optical 
fiber 40 at an input port of coupler 42. Coupler 42 
separates the two signals, the 1.55^m data signal 
being directed through the optical filter and isolator 
44, and coupler 48 and arrives at the erbium doped 
optical amplifier where it is amplified. The telemetry 
signal at the coupler 42 is directed via port 41 toward 
optical-to-electrical converter 54 where the received 
optical signal is converted into electrical form. The 
telemetry signal from the optical-to-electrical con- 
verter 54 is directed to demodulator 56 and the output 
signal from the demodulator 56 is directed toward 
demultiplexer 58 which separates the signals on the 
various Information signals from each other. The out- 
put signals from the demultiplexer are directed to the 
telemetry and control circuit for utilization as desired. 

!n this invention, it can be said that the telemetry 
signals resides on top of the data signals but at the 
pump wavelength; and as noted above, this is accom- 
plished by modulating the laser pump signal of the 
erbium doped optical fiber amplifier. 

Referring to FIG. 4, the energy from the laser 
pump is introduced downstream of the erbium doped 
fiber amplifier and can be referred to as being a co- 
propagating telemetry system. If desired, however, 
the laser pump can be connected to introduce pump 
energy upstream of the erbium doped fiber amplifier 
and this can be referred to as being a counter propa- 
gating telemetry system. A typical counter propagat- 
ing telemetry system is illustrated in FIG. 5. Further, 
if desired, a laser pump can be connected at each end 
of the erbium doped optical fiber amplifier to provide 
a dual pump system. This embodiment is illustrated in 
FIG- 6. In FIGS. 4. 5 and 6, the primary difference is 
the location of the laser pump, the filter and isolator 
which is optical, and the addition of a coupler. The 
other ports of the various RGB. are similar in oper- 
ation and layout. Therefore, to avoid undue repetition, 
the description of the various components of FIGS.. 5 



and 6 which are common with the components of FIG. 
4 appear in the description of FIG. 4 and are not again 
repeated herein. In each FIG. 4, 5 and 6, tine telemetry 
infonmation is disclosed as traveling in a single direc- 
5 tion. The optical transmission path which carries data 
in the other direction is used to also carry telemetry 
Infonmation in the reverse direction. 



10 Claims 

1. A telemetry system for an optical fiber transmis- 
sion system 

comprising 

15 an optically pumped optical amplifier, and 

modulating means coupled to modulate the pump 
signal to said optical amplifier to carry telemetry 
signals. 

20 2. The telemetry system of claim 1 

wherein said optically pumped optica! 
amplifier comprises a pump having a signal which 
is greater than that required by said optical 
amplifier. 

25 

3. The telemetry system of claim 2 

wherein said modulating means com- 
prises 

a modulator coupled to modulate the pump 

30 signal, 

an oscillator coupled to said modulator for 
providing a carrier signal formodulating the pump 
signal and, 

means for coupling a telemetry signal to 
35 said modulator for modulating the carrier signal- 

4- The telemetry system of claim 3 

wherein said modulator amplitude modu- 
lates said carrier signal witti said telemetry signal. 

40 

5. The telemetry system of claim 3 

wherein said modulator frequency modu- 
. lates said carrier signal with said telemetry signal. 

45 6. The telemetry system of claim 3 

wherein said modulator phase-shift-key 
modulates said canier signal with said telemetry 
signal. 

so 7. The telemetry system of claim 3 

wherein said modulator amplitude shift key 
modulates said canrier signal with said telemetry 
signal. 

55 8. The telemetry system of daim 3 

wherein said modulator frequency shift 
key modulates said earner signal with said tele- 
metry signal. 
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9. The telemetry system of claim 3 

comprising an optical fiber coupled to said 
optical amplifier for carrying optical signals, a 
coupler coupled to said optical fiber at a location 
remote from said optical amplifier for separating s 
the received pump signal from a data signal 
amplified by said optical amplifier. 

10. The telemetry system of claim 9 

comprising demodulator means coupled to io 
receive the pump signal from said coupler to 
separate the telemetry signal from said carrier 
signal. 

1 1. The telemetry system of claim 1 0 is 

wherein the frequency of said carrier sig- 
nal lies between the range of 2KH2 through 
400MHz. 

12. The telemetry system of claim 2 20 

wherein the wavelength of the signal from 
the optical amplifier is substantially 1.55jim and 
the wavelength of the signal from the pump is at 
substantially 1.48nm or lower. 

25 

1 3. The telemetry system of claim 3 

where the modulated carrier signal travels 
in the same direction (co-propagating) as the 
data. 

30 

14. The telemetry system of claim 3 

where the modulated canrier signal travels 
in a direction opposite (counter-propagating) to 
the direction of the data. 

35 

15. The telemetry system of claim 3 

wherein said oscillator generates a signal 
having a frequency of less than 2KH2 to effect 
gain modulation of a data signal being amplified 
by said optical amplifier. ^0 

16. An optical amplifier 

comprising 

a doped optical fiber, 

a pump coupled to pump said doped opti- 45 
cal fiber, means coupled to said pump for mod- 
ulating the signal to the doped optical fiber from 
said. pump. 

so 
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FIG. 3 
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FIG. 6 
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@ Telemetry for optical fiber amplifier repeater. 

@ In this invention telemetry information is 
transmitted in an optical fiber communication 
system by providing an amplifier pump (74) with 
excess power beyond that necessary to pump 
the amplifier (51). The excess power is not used 
to pump the amplifier but is rather used to 
transmit the telemetry Infomriatlon. In a specific 
embodiment, an optical communication system 
including a doped optical fiber amplifier such 
as. for example, an erbium doped amplifier, is 
provided with an amplifier pump which oper- 
ates at approximately 1,48pLm. The amplifier 
pump is provided with excess power so as to 
transmit telemetry information. In a specific 
embodiment, the telemetry signal can be detec- 
ted with a low cost photodetector (54) at a 
subsequent station. 
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